25 ps: respectively. We modulated them with a four-bit pulse pattem by using an electro-optic modulator, and injected into the DIA converter. The output pulses from the DIA converter were gated with an EA modulator at 2.5Gbit/s, and fed into the optical power monitor. The gate width was -lOOps. Figs. 3a and b show an input pulse pattern (0110) and an output waveform from the D/A converter, respectively, which we observed on a sampling oscilloscope. The height of the peak marked by the solid square in Fig. 3b corresponds to the digital-to-analogue converted 01 10 pattems, that we gated with the EA modulator. The inset in Fig. 3b show:; the theoretical output waveform, which agrees well with the measured waveform. 
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Conclusion:
We have demonstrated a novel pulse pattem recognition circuit based on a PLC DIA converter. Four-bit pulse sequences at IOGbit/s were successfully recognised in the optical stage. This approach is promising for future packet-switched photonic networks.
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In principle, the concept of the 1 x 2 all-optical packet switch presented in [2] can be generalised to a 1 x N ,ill-optical packet. It is therefore crucial to extend the header processing technique of [I] . b'hereas the header processor in [l] has only one output port (that 'could have two different states), we show in this Letter how the concepts presented in [l] can be extended to form an all-optical header processing unit (HPU) that has a large number of output ports. The method that we present has all the advantages of the header processor presented in [ 11. The serial processing nature avoids complicated serial-to-parallel conversion and our method does not impose a fLxed packet length.
Principle of operution:
To obtain two-pulse correlation in a SLA-LOM configuration, three time scales play an important role. First, there is the time T between the two pulses. Moreover, there is the time z that represents the displacement of the semiconductor optical amplifier (SOA) with respect to the centre of the loop. The third time scale is the recovery time 2, of the SOA. If we choose 22 and 3" large compared to ze, we can distinguish three important cases. The first case is T -22 > 2,. This implies that the first pulse of the counter-clockwise propagating pulse arrives at the SOA between the two pulses of the clockwise propagating signal. As a result, all the pulses in the packet header receive full gain and no correlation pulse is formed at the output port. The second case is IT -221 < 2,. This is the case in which a correlation pulse is formed, since the first pulse of the counter-clockwise propagating pulse experiences a saturated SOA owing to the second pulse of
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the clockwise propagating signal [3] . The third case is 22 -T > T?. This implies that the first pulse of the counter-clockwise propagating signal arrives at the SOA after the second pulse of the clockwise propagating signal has left the SOA. Hence, all the involved pulses receive full gain and no correlation pulse is formed at the output port.
,. the optical header processing system. The SOA was manufactured by JDS Uniphase and employs an 8 O O p n strained bulk active region. The displacements of the SOAs in the SLALOM configuration are set to 22, = 4.811s for the HPU, and 2~~ = 6.411s for HPU,. The frequency of the signal generator was 9.5132GHz to match with the z, of the displacement time.
First, data packets with a hexadecimal ' FOOFO' header pattern enter the header processor. The photocurrents at output port 1 of HPUl and output port 2 of HPU2 are presented in Fig. 2 . It can be observed from this Figure that a correlation pulse is formed only at output port 1. The header processor produces a 1.811s-wide header correlation pulse and 4 ns correlation pulse for the tail. The suppression between the average power of the payload and the header correlation pulse was 14.39dB. A header processor based on this principle is implemented as shown in Fig. 1 . The optical. power of a packet arriving at the header processor is split into two equal parts by the optical splitter. Half of the optical power is fed into the SLALOM structure of HPUI. The other half of the optical power is fed into the SLA-LOM structure of HPU,. The SLALOM structure in HPUl differs from the SLALOM structure in HPU2 by the displacement of the SOAs with respect to the centre of the loop. The data format is also shown in Fig. 1 . The optical packet has a header section of 20 bits and a payload section of 74 bytes. Header and payload are separated by a guard band of 16 bits. The payload is followed by a tail section of five bytes. The optical packet header consists of non-return to zero (NRZ) data at effectively a lower bit rate than the payload. Manchester coding of the payload is necessary to avoid repeated header patterns in the payload [ 11. We assume that we have packets with two different header patterns. The first packet has a header section consisting of a hexadecimal ' FOOFO' pattem corresponding to the time T , (see Fig. 1 ).
The second packet has a header section consisting of a hexadecimal ' FOOOF' pattem corresponding to the time T. We choose the displacement times zI and 2 , of the two HPUs in such a way that TI -22, Suppose that a packet with a header FOOFO enters HPU, . Since TI -22, < ze a correlation pulse is formed at the output of the header processor. However, if the same packet enters HPU2, no correlation pulse is formed since 2~~ -TI > 2,. Conversely, if a packet with a header FOOOF arrives at HPU, a correlation pulse is formed at output port 2. However, no correlation pulse is formed at output port 1 since T2 -22, < 2,. The high bit rate optical payload is suppressed because it drives the SOA in saturation. To obtain efficient suppression of the payload, a tail section is necessary to guarantee that the SOA remains in saturation when the payload passes through. A tail section is useful in applications where the packet size is variable, and packet length information is needed.
ze and T2 -2~~ < 2,. Experiment: The concepts described in the previous Section are demonstrated experimentally by using the setup in Fig. 1 . The wavelength division multiplexing (WDM) source at h = 1550.9 nm was modulated by a 10Gbit/s Mach-Zehnder modulator, which is driven by an electronic packet generator. The packet consists of a header and tail section at a 2.5GbitJs NRZ data format, and the payload format consists of a 10GbitJs Manchester encoded pseudorandom bit stream (PRBS) data stream (information rate of 5 Gbit/s). The average optical power was -1.73 dBm at the input of Fig. 3 shows the photocurrents at output port 1 and output port 2 should a packet with a hexadecimal 'FOOOF' pattern enter the header processor. It follows from Fig. 3 that a header correlation pulse is formed only at output port 2. The header processor produces a 1.8 ns-wide header correlation pulse and 4 ns correlation pulse for the tail. The suppression between the average power of the payload and the header correlation pulse was 14.44dB.
This experiment indicates that the setup presented in Fig. 1 is indeed capable of processing two different headers. By matching the displacement time 22, and the time T, between two header pulses in the correct way, a larger number of packet headers can be recognised. If we take a 32 bit IP destination address at 2.5Gbith as a reference, at least 30 different addresses could be recognised per wavelength.
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Conclusion:
We have demonstrated an all-optical serial header processor that can recognise two different packet headers and form a correlation pulse at two distinct output ports. We believe that this principle can be extended to recognise more header patterns. Our demonstration showed the header processor working with payload data rates of 10Gbit/s, however we believe that it is possible to process payloads at higher bit rates.
The design of the HPU provides several key advantages over altemate techniques. The serial nature of the HPU removes the additional complexity of the separation of payload and header sections of the packet and does not impose a fixed packet length. In addition, the HPU is a low-power device; the amount of input power required can be adjusted by changing the current into the former offers easy removal of the SSB-SCM header using a fibre Fabiy-Perot filter, but requires a sophisticated SSB-SCM transmitter. The latter possibly achieves simultaneous extraction of multiple SCM headers encoded on multiple wavelength channels, but requires careful balancing of the 2 x 2 fibre couplers, accurate I matching of sideband frequencies to the nirrow notch frequency bands, and cautious handling of bulky fibre hoop mirrors.
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In this Letter we propose and experimentdlly demonstrate a dispersion-and polarisation-independent SCM signal demodulation technique using a fibre Bragg grating (FBG) filter. Because of the favourable characteristics of the FBG, the proposed method realises a simple, stable, and polarisation-independent setup readily applicable to optical switching systems. In particular, the extracted SCM signal contains no data payload component, hence a standard square-law photodetector is sufficient for demodulating the opt ical-header . Opwating principles: Fig. 1 shows the basic: principle of the proposed method that separates the SCM healier and the baseband d a h payload using an optical building block consisting of an FBG filter and an optical circulator. The input optical signal, generated by a standard DSB-SCM modulator, is a climbination of a baseband data payload and a DSB-SCM header. Therefore, the setup allows the FBG filter to reflect the baseband payload and to transmit the DSB-SCM header, while the ceptical circulator separates the reflected data payload from the transmitted header. The data payload and the header can each bt: demodulated by an infcirmation-bandwidth-limited photoreceivei at each port since no cross-mixing terms of the two components will be present. Here, for the SCM header, because the original baseband data payload is ri:moved by the FBG, the new baseband header appears as a dispersion-independent signal that can be demodulated using a standard square-law photoreceiver. The SCM fading phenomenon manitested by a relative phase delay between the two transmitted sidebands of an DSB-SCM signal [5] disappears due to elimination of the centre optical carrier using the FBG. 
